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UNIVERSITY OF MISSOURI-ROLLA WOOD ENERGY RESEARCH

Yildirim Omurtag
University of Missouri-Rolla
Rolla, Missouri

Virgil J. Flanigan
University of Missouri-Rolla
Rolla, Missouri

In the early 1970s the Adolph Coors Company
launched a Research and Development project
to determine the feasibility of meeting their
energy needs by conversion of municipal solid
wastes to low BTU gas. They designed and
constructed a pilot plant, and conducted
experiments over a period of several months.
However, due to changing company priorities,
the abandoned the project and later, upon
inquiry by the Engineering Management depart
ment, agreed to donate the system to the
University of Missouri-Rolla. The estimated
replacement value of the system is $600,000.
Initially, the system was to be used in
connection with a small industry to supply its
energy needs while demonstrating the feasi
bility of such a process in converting wood
residues to a useful commodity.

vestigate the desirability of using wood and
other agricultural by-products as renewable
energy sources. The Coors facility will
allow the determination of optimum design
and operating parameters for energy conver
sion systems using wood and other renewable
resources for industrial/commercial use.
Also, the facility can be used in conducting
research and providing training in the areas
of fluidized bed reactor operations, feed
stock handling, and marketing of various
products resulting from operating such
systems. The acquisition of the Coors
equipment was supported by $70,000 of direct
and a considerable amount of indirect contri
butions from the University of Missouri and
other interested parties.

After much investigation, it was decided that
there were many problems requiring additional
research in this area, and that the establish
ment of the coors system as a research facility
to be used by engineers and scientists would
be a more effective utilization of the
equipment.
Subsequent contacts along these lines with

various interested parties within the UniverSltY» the Sverdrup and Parcel Corporation,
and the St. Louis Regional Energy Council,
as well as various wood industry represen
tatives and the Missouri State Department of
Natural REsources, resulted in enthusiastic
support of the establishment of a Wood Energy
Research Program and the installation of the
Coors system as a research facility at the
University of Missouri-Rolla. Figure I.
Various projects within the program will in

Nathan E. Welch
ARO, Inc.,
Tullahoma, Tennessee

The overall objective of this project is to
conduct a research and development program
which will lead to the early commerciali
zation of wood gasification technology to
process wood residues typical of those found
in the Ozark region.
A survey of the state of the art in thermo
chemical conversion of biomass to useful
fuels and petro chemical substitutes indi
cates that the following areas need attention
1. There is a need for large scale
experimentation. Previous work has
been done, mostly on bench scale re
actors which are a few inches in
diameter. Results obtained, no
doubt very useful and sound, do not
provide reliable scale-up informa
tion for commercialization.
2.
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There is a need for higher heating

3.

values in the products. Processes
which are effective in producing
medium BTU and high BTU pipeline
grade SNG from biomass conversion
would help solve the energy problem.
Catalytic processes appear to be in
need of further research and devel
opment to accomplish this.
There is a need for establishing
detailed and sound scale-up factors
for design operation and feed char
acteristics to obtain optimum
results in transition from labora-

and marketing potential for the
products of higher BTU wood gasifi
cation systems.
The specific objectives of this research
program are as follows:
1.
Higher thermal effeciencies in the
operation of a large-scale fluidized bed
wood gasification system will be investi
gated. Heat economy will be improved due to
design of reactor internals and the conduct
of the methanation reaction within the
reactor. This will improve cost
effectiveness.

M*ke-Up

4.

5.

tory units to commercialization.
Feeding problems appear to plague
many of the operations. This is an
area which needs much further work.
There is a need to establish reli
able information on the economics

2. The use of catalysts will be inves
tigated in an attempt to increase the
biomass reaction rate and obtain more com
pact reactor size per unit of throughput.
3. The economics of operating near
commercial size thermo-chemical biomass
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MODIFICATION-MEDIUM Btu GAS (CATALYST)

conversion systems producing low, medium, and
high BTU gaseous products will be evaluated.
4.
Wood residue feed characteristics
will be investigated in order to establish
optimum conditions for low, medium, and high
BTU thermochemical biomass gasification
systems. Particle size and shape may have an
J-nportant effect on the reactor performance.
5 - Training and educational preparation
will be provided for engineers, scientists,
technicians to aid in the designing,
building and operation of future commercial
systems.

PHASE II

7.
The market potential of feed stocks
and products of wood gasification systems
will be evaluated.
The above objectives will be carried out un
under a four-phase research program as des
cribed below:
1. PHASE I - LOW BTU GASIFIER OPERATION
Phase I of the program will involve a
preliminary "shake-down" of the UMR-Coors
low BTU gasifier including cold studies of
the reactor. This is to provide the test

for modified equipment, especially the sleeve
operations and the fluidization with the
6.
An environment where the technology sleeve inserted.
The hot studies will allow
transfer to industry can be achieved in an
comparison with the Coors original data and
effective manner will be provided.
There
the checkout of the data acquisition system.
will be active industrial participation in
This will be accomplished by operating both
all phases of the project.
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with the 22.5 inch diameter (sleeve) reactor
and the 40 inch diameter reactor.
With the air preheaters,
the heating value
of the produced gas is projected to be in the
lower part of the medium BTU range. The
economics of producing this gas will be de
termined and the feed system will be checked
for pressure operation. The feed charac
teristics and reactor operating conditions
will be related to the composition of the
gaseous product in an attempt to locate an
optimum operating point. The data will also
be reviewed relative to other small-scale
studies to determine scaling correlations.
2.

4.

PHASE IV - ASSESSMENT OF THE TECHNOLOGY
TRANSFER POTENTIAL
In this phase, additional research would be
conducted to determine the feasibility of
converting wood to gaseous fuels useable in
a specific industry.
This project is Co-Directed by D r . Y. Omurtag
of the Engineering Management Department,
Dr. V. J. Flanigan of the Mechanical Engin
eering Department, Dean of the School of
Engineering J. E. Halligan, and Professor
B. R. Sarchet of the Engineering Management
Department.
Dr. Omurtag is the overall
Program Manager, Dr. Flanigan is in charge
of the Technical activities. Dr. Nathan
Welch of the ARO Inc. is also a full-time
member of the research team.

PHASE II - MEDIUM BTU CATALYTIC

GASIFIER OPERATION
Phase II of the project is the development
of operating and scaling data for the medium
BTU wood gasifier. During this phase, data
will be obtained with a 22.5 inch sleeve in
the reactor and with the 40 inch diameter
reactor.
Recycles with and without CO2
removal and catalytic methanation will be
incorporated.
This data will be utilized to
develop scaling correlations.
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Missouri-Rolla. He received his B.S. and
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Figure II indicates system modifications
necessary for this phase. These modifica
tions are needed to allow catalytic metha
nation, CC>2 stripping and recycles of
product gases as well as the catalyst mater
ial. An improved feed handling system will
also be needed to allow for better control
of feed rates and catalyst blending.
3.

determine the economically optimum C02
separation, recycle, and the development of
scaling equations. The economics and com
mercialization potential would also be
evaluated.

Dr. V. J. Flanigan is a Professor of Mechan
ical Engineering at the University of
Missouri-Rolla. He received his B.S., M.S.,
and PhD degrees from UMR. He is very active
in consulting practice and has a national
reputation as an expert witness in product
liability matters. He is a registered
Engineer with significant contributions in
biomass energy research.

PHASE III - HIGH BTU CATALYTIC GASIFIER

OPERATION
Phase III is the development of operating
and scaling data for the high BTU pipeline
grade gasifier.
In this phase, the medium
BTU gasifier is modified by adding a
cryogenic separator to separate CH4 and
other "light ends" hydrocarbons from the
product stream.
In this configuration,
both C02 and CH^ are removed from the
reactor product stream and the residual
gases (predominantly CO and H 2> are
recycled increasing the net production of
CH4 and other "light ends" hydrocarbons.
The main thrust of this phase will be to

Dr. N. E. Welch, is a senior engineer for
ARO, Inc., the research arm of the Sverdrup
and Parcel Company. He received his B.S.,
M.S., and PhD degrees in Chemical Engineering
from Texas A & M University.
He has over 18
publications in technical journals on chemi
cal kinetics, reactor design and distillation.
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